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Introduction {#sec006}
============

Periodontitis is a common disease that occurs worldwide. It is an inflammatory condition that affects the periodontium, leading to bone destruction and tooth loss \[[@pone.0218266.ref001]\]. The disease progresses slowly with no symptoms. Early screening is important for preventing the progression of this disease and improving oral health. Diagnosis of periodontitis is limited to clinical parameters such as loss of attachment and radiography. However, these parameters can be determined only by examination conducted by a dentist. It is necessary to establish an efficient screening method showing the progress of periodontitis \[[@pone.0218266.ref002]\]. Screening using saliva has recently become a common screening method. Saliva is a diagnostic tool that is established in the medical and dental fields. Collection of saliva is straightforward and non-invasive, and can be performed by an individual in a home setting \[[@pone.0218266.ref002]\]. Saliva contains various factors including dental biofilm, gingival crevicular fluid \[[@pone.0218266.ref003]\], and microorganisms \[[@pone.0218266.ref004]\]. Periodontal pathogenic bacteria in saliva are associated with symptoms of periodontal disease \[[@pone.0218266.ref005]\].

In periodontitis, periodontopathic bacteria are the most common cause of the host immune response \[[@pone.0218266.ref006]\]. Several bacteria have been isolated and cultured from the oral cavities of patients with periodontitis. Among these bacteria, those detected with high frequency are called periodontopathogenic bacteria. The major isolated periodontopathogens are *P*. *gingivalis*, *Treponema denticola*, and *Tannerella forsythia*, which colonize subgingival deep pockets \[[@pone.0218266.ref007]\]. These culturable periodontopathogenic bacteria have been examined for their characteristics, virulence factors, and host-pathogen interactions in infective etiology \[[@pone.0218266.ref008]\]. Recent advancements in molecular biology have allowed for detailed analysis of uncultivable oral microbiota \[[@pone.0218266.ref009]\]. More than half of the bacteria in the oral cavity are uncultivable, and their role is unknown \[[@pone.0218266.ref010]\]. Numerous cultivable periodontopathogens are used as markers of chronic periodontitis \[[@pone.0218266.ref011]\], but the usefulness of uncultivable periodontopathogens remains unknown. Using our microbiome data \[[@pone.0218266.ref012]\], existing microbiome reports \[[@pone.0218266.ref013]\], and systematic reviews \[[@pone.0218266.ref014]\], we selected two uncultivable candidate bacterial species: *Fretibacterium* sp. HOT 360 and *TM7* sp. HOT 356.

*Fretibacterium* sp. HOT 360 belongs to phylum Synergistetes. Although there are no reports detailing the characteristics of this bacterial species, it is found in high proportion in subgingival dental plaque of patients with chronic periodontitis \[[@pone.0218266.ref013]--[@pone.0218266.ref017]\]. Candidate division TM7 (TM7) is almost always detected in the human oral cavity \[[@pone.0218266.ref009]\]. TM7 forms colonies in periodontal subgingival plaque and is associated with periodontal disease \[[@pone.0218266.ref018], [@pone.0218266.ref019]\]. *TM7* sp. HOT 356 (TM7 Clone I025) is detected with high frequency in the subgingival dental plaque of patients with chronic periodontitis \[[@pone.0218266.ref013], [@pone.0218266.ref014], [@pone.0218266.ref019], [@pone.0218266.ref020]\]. For these reasons, not only red complex bacterial species as *P*. *gingivalis*, *Treponema denticola*, and *Tannerella forsythia*, but also uncultivable bacterial species might be representative as periodontopathogens marker. To measure these uncultivable bacteria, we used 16s rDNA amplification with specific primers and probe by qPCR. Using artificial synthetic gene expression as a standard curve for qPCR, it is possible to accurately quantify the expression of uncultivable bacteria. The aim of this study was to evaluate *Fretibacterium* sp. HOT 360 and *TM7* sp. HOT 356 for use as diagnostic biomarkers in saliva for periodontitis screening.

Materials and methods {#sec007}
=====================

Recruitment of participants {#sec008}
---------------------------

Overall, 217 patients were recruited between January 2014 and August 2015 from the Department of Periodontology at Tokyo Medical and Dental University (Tokyo, Japan). Written informed consent was obtained from all the enrolled participants. Ethical approval was obtained from the Dental Research Ethics Committee of Tokyo Medical and Dental University (Reference number: 1023).

Saliva collection and periodontal condition assessment {#sec009}
------------------------------------------------------

In this study, we included patients who were more than 20 years old and had been examined by their periodontists. We excluded patients who were administered medications implicated in progression of periodontitis, such as systemic antibiotics, anti-inflammatory drugs, or immunosuppressive drugs, within 3 months of the start of this investigation. Patients who had been diagnosed with diabetes mellites, bleeding disorders and viral infections, such as those with human immunodeficiency virus, human papillomavirus, or hepatitis virus, were also excluded. Intra examiner calibration was performed using a dental model for pocket probing (Nissin 500H-PRO, Nissin, Japan). The examiners evaluated 36 sites in 6 teeth on this dental model. Calibration was accepted if measurement error was within a millimeter at ≥ 90%\[[@pone.0218266.ref021]\]. Then, all patients were diagnosed by one periodontist (H.K.) and received full-mouth periodontal examination, bleeding on probing (BOP), and probing pocket depth (PPD) assessment at six sites of each tooth. We then obtained periapical digital radiographs (CS7600, Carestream, US). Participants were instructed to abstain from eating, smoking, and performing oral hygiene procedures for at least 2 h before saliva collection. Stimulated whole saliva was collected from each participant after that participant chewed chewing gum (GC, Japan) for 90 s. Participants were classified based on guidelines which were modified from Offenbacher's classification to identify patients with deep periodontal pockets and bleeding on probing sites \[[@pone.0218266.ref022]\]. Participants who did not present with ≥4 mm of PPD, and presented with less than 10% of BOP, were categorized into the healthy group (*n* = 60). Participants who presented with ≥4 mm of PPD were categorized into periodontitis group (*n* = 157).

Confounding factors and assessment of patient symptoms {#sec010}
------------------------------------------------------

Symptoms of periodontitis were defined as frequency of pain, gingival bleeding, tooth mobility, dry mouth, malodor, and bruxism. Confounding factors such as oral hygiene behavior, frequency of tooth brushing, duration of tooth brushing, utilization of special appliances, frequency of brush changing, utilization of fluoride supplements, alcohol consumption, and smoking behavior were obtained via structured interviews.

Extraction of bacterial DNA and qPCR {#sec011}
------------------------------------

To separate the debris, samples of stimulated whole saliva were centrifuged at 3000 *g* for 10 min in room temperature. The obtained supernatants were stored at −20°C \[[@pone.0218266.ref023]\] until extraction of genomic DNA. Genomic DNA was extracted using QIAamp DNA Mini kit (QIAGEN., CA, USA). The sequences for the specific primers and probes used to examine the expression of *P*. *gingivalis* \[[@pone.0218266.ref024]\], *TM7* sp. HOT 356 \[[@pone.0218266.ref019]\], and *Fretibacterium* sp. HOT 360 are listed in [Table 1](#pone.0218266.t001){ref-type="table"}. qPCR was performed using Premix Ex Taq (Takara-bio Inc., Shiga, Japan). The protocols were modified. The briefly procedures were demonstrated by one reaction was mixed by firstly 10 μl of Premix Ex Taq (2X). Then, 0.4 μl of 10 μM PCR Forward and Reverse primers were added. After that, 1 μl of 10 μM Taqman probe and 7.2 μl of Nuclease-Free Water (QIAGEN., CA, USA) were added. Finally, 1 μl each sample was added into 96 well qPCR plate before beginning the process. The total volume of one reaction was 20 μl and the final concentration of Forward, Reverse primer and Taqman probe were 0.2, 0.2 and 0.5 μM, respectively. Amplification was performed with Thermal Cycler Dice Real Time System II (Takara-Bio Inc.) by using following parameters; 40 cycles, 95 C° for 10 sec, 95 C° for 5 sec and 60 C° for 30 sec. The standard curve was obtained by 10-fold serial dilutions of artificial synthetic gene which contained the amplified region of sequences of *P*. *gingivalis*, *TM7* sp. human oral taxon 356 and *Fretibacterium* sp. human oral taxon 360. (Eurofin genomics, Tokyo, Japan).

10.1371/journal.pone.0218266.t001

###### Specific primer and probe sequences.

![](pone.0218266.t001){#pone.0218266.t001g}

  Bacterial species                           Sequences of primers and probes          Reference                      
  ------------------------------------------- ---------------------------------------- ------------------------------ --------------------------------------------
  *Porphyromonas gingivalis*                  Primer F                                 `5’-TAGCTTGCTAAGGTCGATGG-3’`   \[[@pone.0218266.ref024]\]
  Primer R                                    `5’-CAAGTGTATGCGGTTTTAGT-3’`                                            
  Probe                                       `FAM-TGCGTAACGCGTATGCAACTTGCC-TAMRA`                                    
  *TM7* sp. human oral taxon 356              Primer F                                 `5’-TGACTGGGCGTAAAGAGTTG-3’`   \[[@pone.0218266.ref019]\]
  Primer R                                    `5’-TTCGAACAACAAGCTATCGG-3’`                                            
  Probe                                       `FAM-TCGCTCGCTAACTTGACCGCC-TAMRA`                                       
  *Fretibacterium* sp. human oral taxon 360   Primer F                                 `5’-GGAAACATTGACGACGCTG-3’`    Novel[\*](#t001fn001){ref-type="table-fn"}
  Primer R                                    `5’-CTTAACCCAACATCTCACGAC-3’`                                           
  Probe                                       `FAM-CACCTGTGTATGCTCACTGCCCGAAA-TAMRA`                                  

\*16s rDNA gene sequences of these bacterial species were obtained from GenBank ([http://www.ncbi.nlm.nih.gov](http://www.ncbi.nlm.nih.gov/)), Human Oral Microbiome Database (<http://www.homd.org/>), and using the basic local alignment search tool (BLAST).

Statistical analysis {#sec012}
--------------------

Statistical analysis was performed using SPSS 20.0 software (SPSS Inc., Chicago, IL). The demographic data as qualitative data were analyzed by Chi-square test. Quantitative data were analyzed by Kruskal--Wallis and Mann--Whitney *U* tests. To demonstrate the proper bacterial biomarker in this study, First, bacterial load data were normalized using Kolmogorov--Smirnov test. After that, differences between groups (healthy vs periodontitis) were analyzed by Kruskal--Wallis and Mann--Whitney *U* tests. Second, to find the correlation between amount of bacterial species and periodontal parameters, as percentage of 4 mm of PPD and BOP, bootstrapped multiple regression were performed. Finally, to demonstrated differences of bacterial loads within each parameter, the bacterial load data were classified into subgroups. These data were analyzed by Kruskal--Wallis and Mann--Whitney *U* tests, in case of non- parametric data. In addition, parametric data were analyzed by one-way analysis of variance (ANOVA). We performed one-way ANOVA with bootstrapped function to examine differences within parameters in these groups. *P* value was considered statistically significant at 0.05.

Results {#sec013}
=======

Characteristics of participants {#sec014}
-------------------------------

Demographic and confounding factors, as gender systemic disease, age, oral hygiene behavior, patient symptoms, alcohol consumptions, smoking behavior and remaining teeth, were compared between healthy and periodontitis groups. Moreover, the periodontal parameters as percentage of PPD and BOP were analyzed. These results are shown in [Table 2](#pone.0218266.t002){ref-type="table"}. We also compared demographic factors, such as gender and presence of systemic diseases, and found significant association between genders and the presence of periodontitis (*x*^2^ = 4.77, *P* = 0.04). Similarly, a significant difference in quantitative data as age was observed between the periodontitis and healthy groups. In contrast, the presence of systemic diseases was not significantly associated with development of periodontitis. Moreover, we did not observe significant differences in the number of remaining teeth between patients with periodontitis. Confounding factors, such as oral hygiene behavior, smoking history, and alcohol consumption were not significantly associated with the development of periodontitis. However, bleeding during brushing and development of tooth mobility were significantly associated with the presence of periodontitis (*x*^2^ = 11.12 and *x*^2^ = 13.73, *P* = 0.02 and 0.01 respectively). The results of PPD and BOP assessment are shown in [Table 2](#pone.0218266.t002){ref-type="table"}. We found significant differences in percentages of ≥4 mm and ≥ 6 mm PPD, and in BOP, between healthy participants and those with periodontitis.

10.1371/journal.pone.0218266.t002

###### Demographic data showing confounding factors and clinical periodontal parameters in healthy participants and those with chronic periodontitis.
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                                                                                        Healthy            Periodontitis       *P*-value
  ------------------------------------------------------------------------------------- ------------------ ------------------- ---------------------------------------------
  **Gender**                                                                                                                   
    **Male**                                                                            17 (7.8%)          70 (32.3%)          0.04[\*](#t002fn003){ref-type="table-fn"}
   **Female**                                                                           43 (19.8%)         87 (40.1%)          
  **Systemic diseases**                                                                                                        
    **Healthy**                                                                         39 (18.0%)         120 (55.3%)         0.18
   **Hypertension**                                                                     19 (8.7%)          29 (13.4%)          
   **Heart diseases**                                                                   1 (0.5%)           6 (2.7%)            
   **Heart diseases and hypertension**                                                  1 (0.5%)           2 (0.9%)            
  **Age**                                                                               65 (56.75,72.25)   61 (49.0,69.0)      0.05[\*](#t002fn003){ref-type="table-fn"}
  **Oral hygiene behavior**                                                                                                    
   **- How often do you brush your teeth per day (times)?**                             2 (2, 3)           2 (2, 3)            0.67
   **- How long do you brush your teeth in one time (minutes)?**                        5 (3, 10)          5 (3, 10)           0.89
   **- Do you use special appliances (such as dental floss or interproximal brush)?**                                          
    **Always**                                                                          43 (19.8%)         101 (46.5%)         0.50
    **Sometimes**                                                                       9 (4.2%)           34 (15.7%)          
    **Never**                                                                           8 (3.7%)           22 (10.1%)          
   **- How often do you change your toothbrush?**                                                                              
    **Every 2 weeks**                                                                   6 (2.8%)           12 (5.5%)           0.67
    **Every 1 month**                                                                   33 (15.2%)         70 (32.3%)          
    **Every 2 months**                                                                  12 (5.5%)          45 (20.7%)          
    **More than 3 months**                                                              9 (4.1%)           30 (13.9%)          
   **- Do you use fluoride supplements (such as toothpaste and mouth wash)?**                                                  
    **Always**                                                                          37 (17.1%)         72 (33.2%)          0.50
    **Sometimes**                                                                       5 (2.2%)           19 (8.8%)           
    **Never**                                                                           18 (8.3%)          66 (30.4%)          
  **Patient symptoms**                                                                                                         
   **- Do you feel pain around teeth or gums?**                                                                                
    **Always**                                                                          5 (2.3%)           18 (8.3%)           0.58
    **Sometimes**                                                                       15 (6.9%)          46 (21.2%)          
    **Never**                                                                           40 (18.4%)         93 (42.9%)          
   **- Do you bleed during brushing?**                                                                                         
    **Always**                                                                          1 (0.5%)           18 (8.3%)           0.02[\*](#t002fn003){ref-type="table-fn"}
    **Sometimes**                                                                       8 (3.6%)           41(18.9%)           
    **Never**                                                                           51 (23.5%)         98 (45.2%)          
   **- Do you feel tooth mobility?**                                                                                           
    **Always**                                                                          2 (0.9%)           33 (15.2%)          0.01[\*](#t002fn003){ref-type="table-fn"}
    **Sometimes**                                                                       5 (2.3%)           24 (11.1%)          
    **Never**                                                                           53 (24.4%)         100 (46.1%)         
   **- Do you feel dry in your month?**                                                                                        
    **Always**                                                                          6 (2.8%)           22 (10.1%)          0.72
    **Sometimes**                                                                       16 (7.4%)          41 (18.9%)          
    **Never**                                                                           38 (17.5%)         94 (43.3%)          
   **- Do you have oral malodor?**                                                                                             
    **Always**                                                                          5 (2.3%)           16 (7.4%)           0.85
    **Sometimes**                                                                       22 (10.1%)         52 (24.0%)          
    **Never**                                                                           33 (15.2%)         89 (41.0%)          
   **- Do you have bruxism?**                                                                                                  
    **Always**                                                                          10 (4.6%)          25 (11.5%)          0.51
    **Sometimes**                                                                       4 (1.8%)           19 (8.8%)           
    **Never**                                                                           46 (21.2%)         113 (52.1%)         
  **Alcohol consumption per a week (times)**                                            0 (0, 2)           1 (0, 4)            0.24
  **Smoking behavior**                                                                                                         
   **Currently smoking**                                                                2 (0.9%)           17 (7.8%)           0.08
   **Stopped smoking**                                                                  11 (5.0%)          41 (18.9%)          
   **Never smoked**                                                                     47(21.7%)          99 (45.7%)          
  **Remaining teeth (teeth)**                                                           26 (22, 27.8)      26 (22, 28)         0.57
  **Periodontal clinical parameters**                                                                                          
   **Probing pocket depth (% of PPD)**                                                                                         
    **≥ 4 mm of PPD**                                                                   0 (0,0)            4.76 (1.54, 10.7)   \<0.01[\*](#t002fn003){ref-type="table-fn"}
    **≥ 6 mm of PPD**                                                                   0 (0,0)            0.98 (0, 3.85)      \<0.01[\*](#t002fn003){ref-type="table-fn"}
   **Bleeding on probing (% of BOP)**                                                   0 (0,0.61)         6.66 (1.12,16.7)    \<0.01[\*](#t002fn003){ref-type="table-fn"}

Qualitative data were analyzed using Chi-square test and log linear analysis. Results are shown as percentage.

Quantitative data and non-parametric data were analyzed by Kolmogorov-Smirnov and Kruskal-Wallis tests, respectively. Results are shown as median, 1^st^ quartile and 3^rd^ quartile

\* indicates statistical significance.

We next compared bacterial loads of *P*. *gingivalis*, *Fretibacterium* sp. HOT 360, and *TM7* sp. HOT 356 in healthy participants and those with periodontitis; the results are shown in [Fig 1](#pone.0218266.g001){ref-type="fig"}. The box plot graphs in [Fig 1](#pone.0218266.g001){ref-type="fig"} showed that the copy numbers of *P*. *gingivalis* (a), *Fretibacterium* sp. HOT 360 (b), and *TM7* sp. HOT 356 were significantly higher in patients with periodontitis than in healthy participants (*P* \< 0.05).

![Bacterial load in healthy participants and those with periodontitis.\
Box plot graphs show the levels of periodontopathogens evaluated in this study. The copy numbers of *P*. *gingivalis* (a.), *Fretibacterium* sp. HOT 360 (b.) and *TM7* sp. HOT 356 (c.) were significantly higher in participants with chronic periodontitis than in healthy participants. \**P* \< 0.05.](pone.0218266.g001){#pone.0218266.g001}

Correlations between bacterial loads and periodontal parameters {#sec015}
---------------------------------------------------------------

We performed a multiple regression analysis to examine correlations between the bacterial load and confounding factors ([Table 3](#pone.0218266.t003){ref-type="table"}). We found significantly positive correlations between copy numbers of *P*. *gingivalis* and *Fretibacterium* sp. HOT 360 and percentage of ≥ 4 mm PPD (*b* = 0.15 and 0. 35, respectively); however, the copy number of *Fretibacterium* sp. HOT 360 showed a significantly positive correlation with percentage of BOP (b = 0.36). With respect to copy numbers of *TM7* sp. HOT 356, the confounding factors described in [Table 3](#pone.0218266.t003){ref-type="table"} did not show a significant correlation with periodontal parameters. Interestingly, only the increased amount of *Fretibacterium* sp. HOT 360 was significantly correlated with percentage ≥ 4 mm PPD and BOP.

10.1371/journal.pone.0218266.t003

###### Correlation between periodontal parameters and bacterial load with adjusting confounders.
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  -----------------------------------------------------------------------------------------------------------------
                                         Percentage of ≥ 4 mm PPD   Percentage of BOP                     
  ------- ------------------------------ -------------------------- ------------------- ----------------- ---------
  **1**   Constant                                                                                        

          *P*. *gingivalis*              0.15\                      0.02                0.09\             NS
                                         \[0.14, 1.17\]                                 \[-0.28, 1.67\]   

          *Fretibacterium* sp. HOT 360   0\. 35\                    \< 0.01             0.36\             \< 0.01
                                         \[0.67, 2.01\]                                 \[1.66, 4.13\]    

          *TM7 sp*. *HOT 356*            0.10\                      NS                  0.09\             NS
                                         \[-0.18, 1.12\]                                \[-0.53, 2.25\]   

  **2**   Constant                                                                                        

          *P*. *gingivalis*              0.14\                      0.04                0.11\             NS
                                         \[0.05, 1.15\]                                 \[-0.22, 1.89\]   

          *Fretibacterium* sp. HOT 360   0.32\                      \< 0.01             0.35\             \< 0.01
                                         \[0.68, 2.02\]                                 \[1.46, 4.04\]    

          *TM7 sp*. *HOT 356*            0.13\                      NS                  0.06\             NS
                                         \[-0.09, 1.49\]                                \[-0.73, 1.94\]   

          Gender                         0.01\                      NS                  0.02\             NS
                                         \[−1.78, 2.03\]                                \[-0.14, 0.16\]   

          Number of teeth                -0.04\                     NS                  0.03\             NS
                                         \[−0.26, 0.14\]                                \[-0.28, 0.49\]   

          Age                            -0.001\                    NS                  0\                NS
                                         \[-0.08, 0.09\]                                \[-0.34, 0.36\]   

          Frequency of tooth brushing    -0.02\                     NS                  -0.07\            NS
                                         \[-1.27, 0.97\]                                \[-3.37, 0.89\]   

          Duration of tooth brushing     0.55\                      NS                  -0.01\            NS
                                         \[-0.26, 0.14\]                                \[-0.18, 0.12\]   

          Frequency of brush changing    0.03\                      NS                  0.06\             NS
                                         \[-0.87, 1.39\]                                \[-1.12, 3.10\]   

          Use of special appliance       -0.07\                     NS                  0.09\             NS
                                         \[-0.91, 0.37\]                                \[-2.14, 6.10\]   

          Smoking history                -0.07\                     NS                  0.77\             NS
                                         \[−2.36, 0.71\]                                \[-1.32, 4.89\]   

          Alcohol consumption            -0.05\                     NS                  -0.12\            NS
                                         \[-0.49, 0.22\]                                \[-1.27, 0.01\]   
  -----------------------------------------------------------------------------------------------------------------

Note: The data of multiple regression were demonstrated with beta \[lower, upper of 95% confident interval value\]

PPD: Step 1, R^2^ = 0.17; Step 2, ΔR^2^ = 0.14, BOP: Step 1, R^2^ = 0.18; Step 2, ΔR^2^ = 0.18

BOP, bleeding on brushing; PPD, probing pocket depth; NS, not significant.

Difference in the bacterial loads of healthy and periodontitis groups with respect to each parameter {#sec016}
----------------------------------------------------------------------------------------------------

In the multiple regression analysis between periodontal parameters as a percentage of ≥4 mm and bacterial loads, only the bacterial load of *Fretibacterium* sp. *HOT 360* showed a significantly positive correlation with periodontal parameters. Therefore, we re-arranged the data and analyzed the difference between bacterial load and the range of percentage of periodontal parameters. The abundance of each bacterial species of as ≥4 mm PPD and BOP was categorized into 10 percent ranges, and the results are demonstrated in Figs [2](#pone.0218266.g002){ref-type="fig"} and [3](#pone.0218266.g003){ref-type="fig"} and Tables [4](#pone.0218266.t004){ref-type="table"} and [5](#pone.0218266.t005){ref-type="table"}, respectively. Significant differences were observed for all bacterial species, including the percentages of ≥4 mm PPD and BOP ([S1](#pone.0218266.s001){ref-type="supplementary-material"} and [S2](#pone.0218266.s002){ref-type="supplementary-material"} Tables).

![Bar graphs of bacterial loads and percentage of ≥4 mm groups.\
The abundance of ≥ 4 mm PPD, as log of rDNA (y-axis), were evaluated with respect to ranges showing 10 percent (x-axis). For non-parametric data, graphs are shown using mean and 95% confident interval of the mean (a to c). For non-parametric data, graphs are shown using median and 95% confident interval of the median (d to g). Significant differences were observed between the groups; data are demonstrated in [S1 Table](#pone.0218266.s001){ref-type="supplementary-material"}. The abundance of *Fretibacterium* sp. HOT 360 (b) and combination of bacterial groups with *Fretibacterium* sp. HOT 360 (d, f, and g) increased with increasing percentage of ≥ 4 mm PPD.](pone.0218266.g002){#pone.0218266.g002}

![Bar graphs of bacterial loads and percentage of BOP.\
The bacteria were categorized according to Offenbacher's classification. The percentage of BOP reflected the inflammatory status. The acceptable BOP, which could indicate an inflammatory lesion, was over 10%. Bar graphs show the abundance of bacterial species as log of rDNA (y-axis) with respect to 10 percent increases in BOP (x-axis). Parametric data are presented as mean and 95% confident interval of the mean (a to c). Non-parametric data are shown using median and 95% confident interval of the median (d to g). Results indicate significant differences between the groups. Data are demonstrated in [S2 Table](#pone.0218266.s002){ref-type="supplementary-material"}. The copy numbers of *Fretibacterium* sp. HOT 360 (b) were related to the percentage of BOP.](pone.0218266.g003){#pone.0218266.g003}

10.1371/journal.pone.0218266.t004

###### The bacterial load of each species increased in groups of ≥4 mm PPD.
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  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Bacterial species                                                    Percent of \>4 mm of PPD (%)                                                                                      
  -------------------------------------------------------------------- ------------------------------ --------------- --------------- ---------------- ---------------- ---------------- --------
  *P*. *gingivalis*                                                    2.78\                          4.00\           4.50\           4.00\            5.35\            5.73\            \<0.01
                                                                       \[2.32,2.86\]                  \[3.50,4.42\]   \[3.505.12\]    \[2.00,5.44\]    \[4.55,5.96\]    \[4.76,6.94\]    

  *Fretibacterium* sp. HOT 360                                         0\                             1.80\           3.01\           4.00\            4.22\            4.72\            \<0.01
                                                                       \[0,1.76\]                     \[0,2.77\]      \[0, 3.73\]     \[3.37,4.43\]    \[0,5.07\]       \[3.91,5.25\]    

  *TM7* sp. HOT 356                                                    2.0\                           2.25\           2.95\           3.40\            3.62\            2\. 72\          0.01
                                                                       \[1.37,2.59\]                  \[1.93,2.69\]   \[1.33,3.67\]   \[0.13,3.76\]    \[3.05,4.07\]    \[2.13,3.72\]    

  *P*. *gingivalis + Fretibacterium* sp. HOT 360                       3.95\                          5.13\           6.05\           7.26\            8.79\            10.43\           \<0.01
                                                                       \[3.32,4.57\]                  \[4.59,5.66\]   \[5.12,6.99\]   \[5.54,8.97\]    \[6.77,10.81\]   \[6.07,14.80\]   

  *P*. *gingivalis + TM7* sp. HOT 356                                  4.67\                          5.59\           6.27\           6.27\            8.64\            8.66\            \<0.01
                                                                       \[4.11,5.22\]                  \[5.11,6.07\]   \[5.50,7.04\]   \[4.69,7.85\]    \[6.98,10.30\]   \[3.96,13.36\]   

  *TM7* sp. HOT 356 *+ Fretibacterium* sp. HOT 360                     2.94\                          3.80\           4.47\           5.95\            7.14\            7.48\            \<0.01
                                                                       \[2.32,3.56\]                  \[3.31,4.29\]   \[3.41,5.53\]   \[4.66,7.24\]    \[5.40,8.88\]    \[3.83,11.13\]   

  *P*. *gingivalis + Fretibacterium* sp. HOT 360 + *TM7* sp. HOT 356   5.78\                          7.26\           8.40\           9.74\            12.29\           13.29\           \<0.01
                                                                       \[5.00,6.55\]                  \[6.61,7.90\]   \[7.19,9.61\]   \[7.70,11.77\]   \[9.77,14.80\]   \[6.94,9.64\]    
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10.1371/journal.pone.0218266.t005

###### The bacterial loads of each species increased with increasing BOP.
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  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \                                                                    Percentage of BOP (%)                                                                                        
  Bacteria species                                                                                                                                                                  
  -------------------------------------------------------------------- ----------------------- ---------------- ---------------- ---------------- ---------------- ---------------- --------
  *P*. *gingivalis*                                                    3.61\                   4.67\            4.46\            4.58\            2.38\            5.31\            \<0.05
                                                                       \[3.27,4.01\]           \[3.01,5.22\]    \[2.04,5.47\]    \[1.63,5.23\]    \[0.00,5.79\]    \[1.93,6.94\]    

  *Fretibacterium* sp. HOT 360                                         0\                      3.12\            3.89\            3.98\            3.95\            4.23\            \<0.01
                                                                       \[0.00,1.86\]           \[0.00, 3.60\]   \[0.00, 4.46\]   \[2.40,4.43\]    \[3.86,4.36\]    \[0.00,5.25\]    

  *TM7* sp. HOT 356                                                    2.18\                   2.93\            1.05\            3.79\            3.00\            3.62\            \<0.01
                                                                       \[1.83,2.46\]           \[1.92,3.40\]    \[0.00,3.40\]    \[3.16,4.39\]    \[1.92,3.90\]    \[0.00,4.16\]    

  *P*. *gingivalis + Fretibacterium* sp. HOT 360                       4.66\                   6.26\            7.17\            7.56\            6.67\            8.56\            \<0.01
                                                                       \[4.23,5.09\]           \[5.32,7.19\]    \[5.28,9.05\]    \[5.52,9.59\]    \[1.55,11.79\]   \[4.82,12.29\]   

  *P*. *gingivalis + TM7* sp. HOT 356                                  5.24\                   6.58\            5.97\            7.47\            5.59\            7.85\            \<0.01
                                                                       \[4.86,5.62\]           \[5.77,7.39\]    \[4.37,7.56\]    \[5.47,9.46\]    \[0.19,10.99\]   \[5.33,10.37\]   

  *TM7* sp. HOT 356 *+ Fretibacterium* sp. HOT 360                     3.38\                   4.84\            4.74\            7.23\            6.67\            6.67\            \<0.01
                                                                       \[2.97,3.80\]           \[4.13,5.56\]    \[2.83,6.65\]    \[5.69,8.76\]    \[5.11,8.86\]    \[4.37,8.97\]    

  *P*. *gingivalis + Fretibacterium* sp. HOT 360 + *TM7* sp. HOT 356   6.65\                   8.84\            8.94\            11.12\           9.62\            11.54\           \<0.01
                                                                       \[6.11,7.18\]           \[7.87,9.81\]    \[6.38,11.49\]   \[8.66,13.59\]   \[3.98,15.27\]   \[7.56,15.51\]   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**[Table 4](#pone.0218266.t004){ref-type="table"}** demonstrates the abundance of each bacterial species individually and in combination, which were plotted in [Fig 2](#pone.0218266.g002){ref-type="fig"}. All data were transformed to logarithmic values. Non-parametric data were analyzed by Kruskal--Wallis and Mann--Whitney *U* tests and are expressed as median \[lower and upper bound of 95% confidence interval of the median\]. Parametric data were analyzed by one-way ANOVA (Hochberg's GT2) and are expressed as mean \[lower and upper bound of 95% confident interval of the mean\]. Significant differences were observed between groups and the results are presented in [S1 Table](#pone.0218266.s001){ref-type="supplementary-material"}.

**[Table 5](#pone.0218266.t005){ref-type="table"}**demonstrates each bacterial species plotted in [Fig 3](#pone.0218266.g003){ref-type="fig"} individually and in combination. Non-parametric data were analyzed by Kruskal--Wallis and Mann--Whitney *U* tests and are shown as median \[lower and upper bound of 95% confident interval of the median\]. Parametric data were analyzed by one-way ANOVA (Hochberg's GT2) and are shown as mean \[lower and upper bound of 95% confidence interval of the mean\]. Significant differences were observed and the results are shown in [S2 Table](#pone.0218266.s002){ref-type="supplementary-material"}.

Discussion {#sec017}
==========

Recently, saliva screening is a convenient and non-invasive method that is becoming more common in oral disease studies, and in screening for dental caries and periodontitis. The subgingival plaque or gingival crevicular fluid were reported as the samples for evaluated the periodontitis status but these techniques were not convenient for periodontitis screening in large community scale \[[@pone.0218266.ref025]\]. Moreover, saliva can provide a cost-effective approach for the screening of large populations \[[@pone.0218266.ref026]\]. Whole saliva can be collected under no stimulation, or using methods such as mechanical stimulated or administration of mild acids \[[@pone.0218266.ref027]\]. In this study, we collected stimulated saliva because it is more rapid and simpler for participants who were hyposalivation or xerostomia. However, the technique used to collect saliva can affect the levels of certain biomarkers. Some biomarkers for periodontitis, such as tumor necrosis factor-alpha, C-telopeptide pyridinoline cross-links of type I collagen, and receptor activator of nuclear factor kappa-B \[[@pone.0218266.ref028]\], are sensitive to salivary collecting techniques \[[@pone.0218266.ref029]\].

Offenbacher's classification is used in routine clinical diagnosis of periodontal disease. The periodontal parameters used for categorization were ≥4 mm PPD and percentage of BOP \[[@pone.0218266.ref022]\]. In this study, we aimed to measure the periodontopathogens that colonized the periodontal pocket and to evaluate the periodontal and inflammatory status of the participants. In patients with a recent diagnosis of periodontitis and loss of periodontium but without any sign of inflammation (pocket formation and BOP) on the day of sample collection were categorized as healthy. Although clinical attachment loss (CAL) is important for diagnosing and monitoring periodontal status during and after treatment, it does not explain the inflammatory status in terms of healing without any periodontium restoration. Therefore, the data PPD data were sufficient for screening for periodontitis. Although Offenbacher's classification does not offer an accurate diagnosis of periodontal disease, it is useful for studying disease severity in a large population with respect to the expression of periodontitis biomarkers \[[@pone.0218266.ref022]\].

In our study, the participants completed a survey querying their oral hygiene behavior. The results of this study indicate that oral hygiene behavior was not associated with presence of periodontitis. The etiology of periodontitis is associated with numerous factors, and oral hygiene behavior is only one of the risk factors for periodontitis \[[@pone.0218266.ref030]\].

Smoking is a cofactor that affects periodontal tissues and the inflammation process. Smoking can suppress bleeding from the periodontal pockets; this suppression continues after cessation of smoking. This is because agents in cigarettes influence vascular and cellular properties during the inflammatory process \[[@pone.0218266.ref031]\]. For this reason, using red blood cells or other inflammatory biomarkers in the blood vessels is inaccurate for evaluating the inflammatory status and development of periodontitis in smokers. Bacterial populations are not affected by smoking; this notion is supported by a report indicating that populations of periodontopathogens were not significantly different between smoking and nonsmoking patients with periodontitis \[[@pone.0218266.ref032]\]. Our results indicate that there were no significant differences in the bacterial loads of smokers and non-smokers with same periodontal conditions ([S1 Fig](#pone.0218266.s003){ref-type="supplementary-material"}). Moreover, in the additional data ([S2 Fig](#pone.0218266.s004){ref-type="supplementary-material"}), the periodontal conditions of individuals with same smoking behavior differed significantly, with the abundance of *P*. *gingivalis* (a-3) and *Fretibacterium* sp. HOT 360 (b-3) being lower in non-smoking healthy individuals than in non-smoking individuals with periodontitis. No differences were observed in bacterial load of TM7 sp. HOT 356 and smoking conditions with either periodontal conditions. Moreover, bacterial loads of *P*. *gingivalis* and Fretibacterium sp. HOT 360 which were categorized into current and stopped smoking with different periodontal conditions were also not significantly different. This result supports previous studies indicating that bacterial markers may be useful for periodontitis screening because they are not influenced by smoking \[[@pone.0218266.ref032]\]. However, several studies reported that smoking behavior was influent in periodontium tissue \[[@pone.0218266.ref033], [@pone.0218266.ref034]\] and oral microbiome \[[@pone.0218266.ref035], [@pone.0218266.ref036]\]. Further studies are needed to determine whether bacteriologic indicators can be used effectively as well as in smokers and in non-smokers.

*P*. *gingivalis* is a representative bacterial species in chronic periodontitis, and this species was strongly correlated with development of periodontitis \[[@pone.0218266.ref011]\]. Numerous studies show that virulent factors present in *P*. *gingivalis*, such as capsule, fimbriae, lipopolysaccharides, and collagenase, can stimulate the host immune response \[[@pone.0218266.ref037]\]. In 2012, Hajishengallis et al., reported that *P*. *gingivalis* is key in the pathogenesis of periodontitis as described by symbiosis-dysbiosis hypothesis \[[@pone.0218266.ref038]\]. For this reason, we used the growth of *P*. *gingivalis* as our control for comparison with the growth of *Fretibacterium* sp. HOT 360 and *TM7* sp. HOT 356. Several studies, however, have reported that *P*. *gingivalis* is commonly found in both healthy Asian adults and those with periodontitis \[[@pone.0218266.ref039]\]. Moreover, in 1998, Griffen et al. used q-PCR to show that *P*. *gingivalis* is present in 22% of healthy Caucasian and 38% of healthy African-American adults \[[@pone.0218266.ref040]\]. In 2013, Kato et al. also used PCR to show that *P*. *gingivalis* is present in 40% of healthy Japanese adults \[[@pone.0218266.ref041]\]. In our present study, the levels of *P*. *gingivalis* were significantly higher in participants with periodontitis (*P*\< 0.05), and presence of *P*. *gingivalis* was significantly positively correlated with periodontal parameters as the percentage of ≥ 4 mm PPD and BOP (*P*\< 0.05); however, *P*. *gingivalis* was also found in healthy participants.

The two uncultivable periodontal bacteria, *Fretibacterium* sp. HOT 360 and *TM7* sp. HOT 356, were selected from more than 400 bacterial species. These species were selected because they are found at high levels in deep periodontal pockets \[[@pone.0218266.ref014]\]. In our present study, the levels of *Fretibacterium* sp. HOT 360 were significantly higher in participants with periodontitis than in healthy controls. In participants with periodontitis, we found significant positive correlations between the levels of *Fretibacterium* sp. HOT 360 and percentage of ≥ 4 mm PPD and BOP. These findings agree with those of Oliveira et al., \[[@pone.0218266.ref016]\], who reported in 2016 that mean levels of *Fretibacterium* sp. HOT 360 were significantly higher in patients with periodontitis than healthy condition. Additionally, RNA-oligonucleotide quantification showed that higher levels of *Fretibacterium* sp. HOT 360 are significantly correlated with greater pocket depth \[[@pone.0218266.ref016]\].

Because *Fretibacterium* sp. HOT 360 could not be cultured, its characteristics and virulent factors are still unknown. However, our results are consistent with those reported by Brinig et al. \[[@pone.0218266.ref019]\], who showed that higher bacterial load of *TM7* sp. HOT 356 was observed in the subgingival plaque of patients in early stages of chronic periodontitis than in healthy controls.

The results of multiple regression analysis, and differences in bacterial loads within periodontal parameter groups are shown in Tables [3](#pone.0218266.t003){ref-type="table"}, [4](#pone.0218266.t004){ref-type="table"} and [5](#pone.0218266.t005){ref-type="table"} and Figs [2](#pone.0218266.g002){ref-type="fig"} and [3](#pone.0218266.g003){ref-type="fig"} and [S1](#pone.0218266.s003){ref-type="supplementary-material"} and [S2](#pone.0218266.s004){ref-type="supplementary-material"}. The growth levels of each bacterial species were combined to show how a combined bacterial load can be used as a bacterial biomarker. However, our results indicated that with respect to each 10 percent increase in ≥ 4 mm PPD, only the bacterial loads of *Fretibacterial* sp. HOT 360 increased when combined with other bacterial species. Furthermore, multiple regression analysis demonstrated that only *Fretibacterium* sp. HOT 360 showed a significant correlation with percentage of BOP. However, some of the differences within the range of BOP subgroups were not significantly different (S2).

The periodontal parameters in Figs [2](#pone.0218266.g002){ref-type="fig"} and [3](#pone.0218266.g003){ref-type="fig"} and Tables [4](#pone.0218266.t004){ref-type="table"} and [5](#pone.0218266.t005){ref-type="table"} are arranged in 10 percent ranges because firstly, in the classification suggested by Offenbacher, more than 10% BOP was considered to indicate an inflammatory response. Secondly, *P*. *gingivalis*, a globally distributed periodontopathogen, did not show a positive correlation in the multiple regression analysis. Furthermore, this analysis revealed that the periodontal parameters in some 10 percent ranges were not significantly different because the sample size in each group was very small and unequal. In contrast, this demonstration could be easily understood which was similar as Percent of PPD. Additionally, we could not control the sample size in each group because of the limitation of time and number of participants. Therefore, to increase the reliability of these findings, studies using larger sample size and a more diverse group of participants in terms of disease severity are needed. Moreover, the statistical findings of this study must be interpreted with caution. Therefore, the further studies should be more controlled and better planned for protocol. However, although the results lack adequate reliability, this is the first report showing the presence of uncultivable periodontopathogens in salivary samples of periodontitis patients.

Conclusions {#sec018}
===========

In our study, some of patients presented with various depths of PPD but absence of BOP. Therefore, the data we were able to obtain with respect to percentage of BOP were scant and presented a limitation in this study. In our future studies on gingivitis, we intend to confirm that *Fretibacterium* sp. HOT 360, *P*. *gingivalis*, and *TM7* sp. HOT 356 are associated with BOP.

All the bacterial species examined in our study showed higher levels in the saliva of participants who were diagnosed with periodontitis. Moreover, *P*. *gingivalis* and *TM7* sp. HOT 356 were detected in most of the healthy participants in Figs [1](#pone.0218266.g001){ref-type="fig"}, [2](#pone.0218266.g002){ref-type="fig"} and [3](#pone.0218266.g003){ref-type="fig"} (a. and c.). Conversely, *Fretibacterium* sp. HOT 360 was rarely detected in healthy participants. Moreover, *Fretibacterium* sp. HOT 360 was the only bacterial species that showed significantly increased levels in the periodontitis group, and significantly positively correlated with ≥ 4 mm PPD and BOP. Further studies of bacterial biomarkers in saliva will help refine this method for periodontitis screening. Because this approach is not invasive and straightforward, it can be widely used for screening individuals as well as large communities. Periodontopathogens are still important bacterial biomarkers because they have been extensively studied. However, some of the cultivable periodontopathogens are found in healthy adult, while uncultivable bacterial species, such as *Fretibacterium* sp. HOT 360, can be more selectively used for periodontitis screening. The bacterial species examined in this study were detected at significantly higher levels in participants with periodontitis compared with the levels observed in healthy participants. Moreover, multiple regression analysis indicated that *Fretibacterium* sp. HOT 360 showed a positive correlation with the clinical periodontal parameters ≥ 4 mm PPD and BOP. Our results indicate that uncultivable bacteria *Fretibacterium* sp. HOT 360, which is present in saliva, can be used as one of bacterial biomarker for periodontitis screening.

Supporting information {#sec019}
======================

###### Comparison of bacterial loads between groups of ≥4 mm PPD (%).

\- ✓ Significant difference.

\- X No significant difference.

(DOCX)

###### 

Click here for additional data file.

###### Comparison of bacterial load between groups with BOP (%).

\- ✓ Significant difference.

\- X No significant difference.

(DOCX)

###### 

Click here for additional data file.

###### Bacterial loads with respect to smoking status in different participants with varying severity of periodontitis.

Box plot graphs demonstrated bacterial loads of the different smoking status with same periodontal conditions. The amount of bacterial species as *P*. *gingivalis* (a and d), *Fretibacterium* sp. HOT 360 (b and e) and *TM7* sp. HOT 356 (c and f) were demonstrated in Y-axis and smoking status with different periodontal conditions were demonstrated in X-axis. The data were analyzed by Kolmogorov--Smirnov test, Kruskal--Wallis and Mann--Whitney *U* tests, respectively. The results revealed that the significant difference was noticed between bacterial loads of *P*. *gingivalis* (a and d), *Fretibacterium* sp. HOT 360 (b and e) and *TM7* sp. HOT 356. (c. and f.), P = 0.05.

(TIF)

###### 

Click here for additional data file.

###### Bacterial loads with respect to periodontal conditions in different smoking status.

Box plot graphs demonstrated bacterial loads of the same smoking status with different periodontal conditions. The amount of bacterial species as *P*. *gingivalis* (a-1 to a-3), *Fretibacterium* sp. HOT 360 (b-1 to b-3) and *TM7* sp. HOT 356 (c-1 to c-3) were demonstrated in Y-axis and smoking status with different periodontal conditions were demonstrated in X-axis. The data were analyzed by Kolmogorov--Smirnov test, Kruskal--Wallis and Mann--Whitney *U* tests, respectively. The results revealed that the significant difference was noticed between bacterial loads of *P*. *gingivalis* (a-3.) and *Fretibacterium* sp. HOT 360 (c-3) which were healthy condition with non-smoking and non-smoking with periodontitis condition, \**P* = 0.05. Refer to [S1 and](#pone.0218266.s003){ref-type="supplementary-material"} S2 Figs ƒ of this study, smoking behavior was not influents the periodontitis screening.

(TIF)

###### 

Click here for additional data file.

We thank Dr. Misa Gokyu, Mr. Yosuke Sakamaki, Mr. Yusuke Tsuchiya, Mr. Shohei Nose, Ms. Eriko Matsutani, Ms. Mariko Nagao, and Mr. Yoichi Takahashi for their kind support and advice provided in this study.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.
